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INTRODUCTION 
Surfactants are amphipathic substances which form 
micelles in solution. Amphipathic substances possess a 
polar, hydrophilic (water-attracting) end group and a large, 
hydrophobic (water-repelling) region. A micelle is a multi-
molecular aggregate in which the surfactant hydrophobic 
portions are associated together in the interior where they 
are shielded from the aqueous solvent by the polar end 
groups (see fig. 1). Surfactants may be classed as cationic, 
anionic, nonionic or zwitterionic depending on the charge 
of the polar end group. Ionic end groups have associated 
counter ions which are usually distributed through the bulk 
solvent. 
The exact size, shape and lifetime of a micelle 
depends on the surfactant structure1 ' 2 '3 and many other 
factors. 2 '3' 4 In general micelles are short lived (lifetime 
< 10-3sec)5 and have average radii of 12-30 A and contain 
20-100 monomers. It is generally assumed that micelles 
are roughly spherical6• Once the surfactant concentration 
in aqueous solution exceeds a certain level called the 
critical micelle concentration (or CMC), all additional 
surfactant molecules go to form micelles. This narrow concen-
tration range depends on surfactant structure, and other 
factors too, but for surfactants containing long hydrocarbon 
chain hydrophobic region, the CMC is usually between 10-4 and 
-2 10 m. 
2 
Because the interior and surface of a micelle are 
considerably different environments than pure water, aqueous 
solutions of surfactants may serve to solubilize hydrophobic 
compounds because they are taken into the micelle. In many 
cases, micelles have been shown to markedly affect the 
reactivity of molecules hydrophobic enough to be solubilized. 
This rate effect is often a pronounced rate enhancement or 
catalysis. 
The purpose of the work described in this thesis was 
the synthesis of a new class of surfactants containing chiral 
cationic end groups and the synthesis of two chiral reactant 
molecules which would react in the presence of these 
surfactants. The structures of the surfactant and substrate 
molecules were designed to maximize their stereochemical 
interactions and in this way reveal details of the nature 
of micellar catalysis. In order to indicate why these 
structures were selected, several examples of micellar cata~ 
lysis and the factors influencing it will be discussed in 
the following pages. 
(1) I·hcelle Catalyze Hydrolysis reaction. 
The hydrolysis of esters usually occurs through acid 
catalyzed, pH independent, and base-catalyzed mechanisms. 
Micelles can influence the rate of reaction in all three 
mechanisms. The extent of catalysis depends upon many 
factors. Menger and Portnoy 8 investigated the effect of 
substrate and surfactant structure on the kinetics of ester 
Aqueous 
Bulk 










double layer, up o 
to several hundred A 
Fig. 1. Two dimensional schematic representation of the 
regions of a spherical ionic micelle. Counterions (X), 
head groups (G)), hydrocarbon chain c~) are represent 
relative locations, not the actual number, distribution or 
configuration. ref: Fendler and Fendler "Catalysis in 
micellar and macromolecular systems" p.31, 1975. 
3 
4 
hydrolysis of four substrates: p-Nitrophenyl acetate (1), 
mono-p-nitrophenyl dodecanedioate (2), p-Nitrophenyl 
octanoate (3) and benzoylcholine chloride (4) in the presence 
of various concentrations of each of the three surfactants: 
Laurate anion (5), n-dodecyltrimethyl ammonium cation (6) 





















(CH3) 3N(CH2)11 cH3 
6 
+ 
c 5H8N(CH2) 11 cH3 
7 
micelles inhibit hydrolysis 
the effect is large only above 0.01M laurate (2) and 
is the CMC at which laurate anions begin to associate 
micelles. Menger and Portnoy indicate that the rate 
inhibition is caused by the interaction between the esters 
and micellar surfactant. Cationic micelles (6) enhance the 
hydrolysis rates of the long chain substrates (~) and (2) 
below the CMC (pH 12-14). Menger and Portnoy suggested that 
the ester molecules hydrophobically bind one or more 
surfactant molecules to form a positively charged complex 
which reacts readily with hydroxide ion. At concentrations 
of (§) above its CMC, the esters (g) or (2) are partitioned 
into the hydrocarbon interior of the micelles where they are 
inaccessible to hydroxide ion. 
5 
Bunton, Robinson and Stam9 have examined micellar effects 
upon the reaction of p-Nitrophenyl diphenyl phosphate with 
hydroxide or fluoride ions in the presence of the cationic 





CH3 - CH - N-Me 2R, Br-
8 
~· R= 010H21 





CH3 - CH - N-Me 2R, I-
2 
The dodecyl surfactants with the general structure Sb 
(R=C12H25 , both (-) and (+)) are better catalysis than CTABr, 
for the reaction of p-nitrophenyl diphenyl phosphate in O.OlM 
0 
sodium hydroxide at 25 c. The decyl compound (-~, R=C10H21 ) 
is almost as good a catalyst as CTABr, but CTABr is a better 
catalysis than (-) 9 under the same conditions. 
Bunton and coworkers indicate that detergent (~) has 
enhanced catalytic activity when the hydroxy group is ionized 
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The dodecyl compound 8b (R=c12H25 ) is not an especially 
effective catalyst for reactions with fluoride ion. It is 
less effective than CTABr. However, surfactants with 
structure (§) exhibit catalysis at low concentrations, because 
they have low critical micelle concentrations. Catalysis 
generally increases for a given head group with increasing 
length of the group. 11 , 12 , 1 3 
Compound (2)(R=C12H25 ) is not a particularly effective 
catalyst for reactions of either fluoride or hydroxide ion 
with p-nitrophenyl diphenyl phosphate. 
All these results indicate that micellar catalysis is 
greatest when the surfactant micelle can ionize and directly 
participate in the reaction. When the surfactant OH group is 
alkylated or when the nucleophile is F-, the surfactant 
affords only limited catalysis due primarily to an electro-
static effect stabilizing the transition state. 
(2)a. Micelles increase the acidity of carbon acids: 
t1inch, Giaccio and Walff 10 examined the effect of 
7 
cationic micelles on the acidity of carbon acids and phenols. 
They determined the pKa values of five a -substituted 4-
nitrophenyl-acetonitriles (j1-15) and of 1-Nitroindene (16), 
4-Nitrophenol (1Z) and 2,6-di-~-butyl-4-nitrophenol (18) 
in aqueous buffer solutions, both with and without mice e 
forming concentrations of the cationic surfactant (CTA.Br). 
CN 
o2N-@- / ro c --- H ~R ~02 '10 
'11 • R = H - ~H OH 
12. R = C6H5 
·~ 
t-Bu ~ t-Bu -o" 12· R = p-ClC6H4 
'14. R = p-o2:r:rc6H4 N02 N02 -
12· R = -C:=N 1Z 18 
They found that CTABr ('10-2 M) micelles increase the 
acidity of carbon acids by a greater amount than that observed 
for carboxylic acids11 of comparable hydrophobicity. The 
a -substituted-p-nitrophenyl-acetonitriles (11-15) are 
stronger acids (102-104 fold) when taken into CTABr micelles, 
while 1-nitroindene (1§) is affected only to the same degree 
as carboxylic acid (by about three fold). 11 This is because 
carbon acids form more delocalized anions which require less 
specific solvation by water than do carbozylic acid and so 
give up less hydration energy when taken into micelles. 
(2)b. Micelles catalyze the Hofmann elimination: 
t d 12 ~' t d" d . ll ff t Bun.· on, K9JI1ego an . Ng uave s u 1e mJ.ce ar e ec. s 
8 
upon the decomposition of 3-bromo-3-phenylp~opionic acid (19) 
to yield styrene (gg) and cinnamate (~). Cationic micelles 
of 1-hydroxyethyl-2-dimethylalkylammonium bromide (24) ( 24a 
= n-c12H25
, 24b= n-c16H33
) inhibit the SN1 decomposition of 
3-bromo-3-phenylpropionate ion (19) but accelerates the E2 
elimination leading to cinnamate. 
slow 
phCHBrCH2co; + 






pH - CH=CH2 + C02 
22 
phCH - CH2 
I I 
""' H 0-CO 
21 
At high surfactant concentrations the E2 elimination 
gives trans- cinnamate ion (23) in dilute alkali (0.1M), 
without surfactant the E2 elimination only occurs in concen-
trated alkali. A micellized alkoxide ion acting as 







24b. R = c16H33 
+ 
~H20-~H H CH20H H H 
/ I ' / CH2 ~~ CH2 ' / ' / 
I . H --- C - C - ph --+ +I + c = c + Br-
+NMe2 / "" NMe 2 ~· \ I co; Br I C0 2 ph R R 
Zwitterion (gQ) undergoes decarboxylation with 
elimination giving styrene (22) and cyclization giving a S -
lactone (2'1) as a minor product when in a dilute alkali. 
Bunton, Kame and Minch"~? also reported that the 
9 
surfactants (24 ~,£) inhibited the normal bromodecarboxylation 
by SN1 mechanism, and they inhibit 
all conditions. 
overall reaction under 
Recently, Minch, Chen and Pe rs14 have examined the 
micellar effects on the E2 elimination of trimethylamine 
from p-nitrophenethyltrimethyl ammonium iodide (26). 
+ 
They reported that anionic micelles of sodium dodecyl 
sulfate inhibited the E2 elimination of (~) in 0.~ M NaOH. 
Cationic micelles of hexadecyltrimethyl ammonium bromide 
(CTABr) and Zlvvitt onic micelles of N,N-dimethyl-N-dodecyl-
glycine have a le effect on the reaction rate. However, 
micelles of N,N-dimethyl-N-hexadecyl-N-(2-hydroxyethyl) 
ammonium bromide (gz) and N,N-dimethyl-N-hexadecyl-N-( 
hydroxypropyl) ammonium bromide (28) are catalytic at 
alkali concentration (pH-= 12.0). 
CH3 +I 
c16H33N - CH2-cH20H 
I -CH3, Br 
gz 
+7H3 





This because the surfactant molecule are converted 
into the alkoxide (zwitterion) form, at these alkali 
concentrations, and the surfactant acts as a proteophilic 
zwitterion (base) in the elimination.reaction. 
+ + 
-OH + RNMe 2cH2cH20H H20 + RNMe 2CH2cH2o-
CH20H I 
CH2 II 




(2)c. The catalysis by S -hydroxy quaternary ammonium salts: 
Bunton, Kamego and Minch15 have shown that micelles of 
the hydroxyethyl surfactant (~) are effective catalysis 
for the decarboxylation of 6-Nitrobenzisoxazole-3-carboxylate 




If the hydroxide ion concentration is increased so 
that the 24 is converted into the zwitterion (25), the 
catalysis increases, as expected for a zwitterionic micelle. 
The pKa of (24) was estimated kinetically to be ~2.4 
+ 
Me 2- ~ -CH2-cH2-0H 
R 24 
24a. R = c~ 2H25 
24b. R = c16H33 
Bunton and Diaz~ 6 recently spowed that micelles of 
24b are better catalysts than hexadecyltrimethyl a~monium 




(R0) 2 P -O-~-N02 
30 
(30a, R=Et. 30b, R=n-Hexyl) 
They found a small inverse solvent isotope effect on the 
reaction rate of (30b) in the presence of (24b) at low hydro-
xide ion concentration. At high hydroxide ion concentration 
this isotope effect was negligible. This result is consistent 
with ionization of (24b) to the zwitterion (25b) which 
participates in the reaction as a nucleophile. The inverse 
isotope is unimportant if the hydroxide ion concentration is 
high enough to convert all the surfactant into the zwitterion 
form. 
Conclusion: 
The preceding examples demonstrate the following: 
(1) Micelles can catalyze organic reactions, 
(2) Cationic micelles enhance the ionization of 
carbon acids, and 
(3) Can catalyze E2 elimination. 
12 
(4) Zwitterionic surfactant molecules can participate 
directly in E2 elimination. 
Because the interaction between zwitterionic surfactant 
molecules and carbon acids involves a close interaction 
between the surfactant head group and the carbon acid, the 
transition state free energy for such reactions should be 
sensitive to any stereochemical differences between the 
interactions of R surfactant with R substrate and S surfactant 
with R substrate. 
The previous discussion demonstrates that E2 
eliminations and other reactions involving the ionization 
of a C-H bond can be catalyzed by proteophilic surfactant 
molecules. The purpose of the research described in this 
13 
thesis is the synthesis of compounds essential for the study 
of the kinetics of proton abstractions from chiral quaternary 
ammonium ions in the presence of chiral proteophilic 
surfactants. I have synthesized all the enantiomeric forms 
of three quaternary ammonium salts; the first two (39 & 44) 









In order to study the kinetics of Hofmann eliminations 
from chiral substrates, both enantiomers of the trimethyl 
ammonium iodide of p-nitroamphetamine (39) were synthesized. 
SYNTHESIS SCHEMES 
(I) N,N-Dimethyl-N-(2-hydroxylpropyl)-N-hexadecyl 
ammonium bromide (32, enantiomers) 
+ 
d&l ( 31) d&l (32) 
The d and 1 forms of (32) were prepared by a procedure 
adapted from the synthesis of n-hexadecyltrimethylammonium 
14-
. 17 
bromides by Scott and Coworkers. Trimethylamine was reacted 
with 1-hexadecylbromide in alcohol solution. The commercially 
available 1-bromohexadecane (Aldrich) was purified by vacuum 
distillation before use. The fine, white, hydroscopic 
crystals of d and l (32) were purified by recrystallization 
from 95% ethanol and ethyl ether (3:1), and washed with 
absolute ethyl ether. 





Reductive amination usually occurs when an aldehyde or 
ketone is treated with ammonia or a primary or secondary 
15 
amine in the presence of hydrogen and a hydrogenation 
catalyst. Phenylacetone reacts with the secondary amine, 
dimethyl amine, in the presence of sodium cyanohydridoborate 
(NaBH3CN), leading to the tertiary amine (34). This is a 
more convenient reaction than other reductive amination 
procedures, because this method is experimentally simple and 
requires no special apparatus or long reaction time. 
Barch, Bernstein and Durst18 , 19 have studied Sodium 
cyanohydridoborate and found that it reduces a wide variety 
of organic functional groups. At pH 3-4 the reduction rate 
is sufficiently rapid to be synthetically useful for most 
aldehyde and ketones. It is a pH dependent reducing agent. 
s. Senoh and I. Mita20 , 21 synthesized (34) from 
phenylacetone and dimethyl amine in the presence of NaNi and 
20 atm H2 with a yield 78.1%. Their procedure was much more 
laborious and expensive than the NaBH3CN one. 









Compound (22) was prepared by the nitration of (34) 
16 
0 22 v,rith fuming nitric acid (HN0
3 
approx. 90%) at -15 c. The 
cold temperature (-15°C) is necessary to maximize the para 
to ortho product ratio. The fuming nitric acid works better 
than other usual nitration methods and the yield is 90%. 
W. Gruber and I.e. Gunsalus23 synthesized (35) from 
commercially available (d)-1-Phenyl-2-propylamine ( as 
dexedrine 36 ). 
CH3 




The nitration of dexedrine was carried out by the same 
procedure as used by T.M. Patric22 to give 1-(4-nitrophenyl)-
2-aminopropane. This e base was combined with formic acid 
and 35% formaldehyde solution were gently refluxed overnight, 
then the reaction mixture was evaporated to dryness. 
Compound (35) was recovered from the crude reaction residue 
by dissolving it in water, making the solution alkaline, and 
extracting with ethyl ether. The ether extract was concen-
trated and fractionally distilled to give (35) in 89% yield. 
D o 
The distilled product had an [a ] of 0.0 indicating that 





@ / p-toluoyl @ / o2N- - CH2-c~ ---~ o2N- · -CH2-c --- H , tartrate 
N ~N 
/ "'- I "'-
cH3 CH3 CH3 CH3 35 +~ 
D . o 
[ a ] :::: +2. 88(J.VleOH) 
H 
/ 




[ a ] = -2 .40(J.VIeOH) 
After several tests, the (+) p-toluoyl tartrate (2§) was 
selected as the resolution agent. 
0 COOH 





The method of resolution of (35)is based on the procedure 
of Theilak and Winklen24 , and involved the fractional 
crystallization of the salt of racemic (35) with (38) in 
absolute methanol (see flow chart on p.4-1). The resolved 
0 • 
(d) 35 had a specific rotation of 2.88 ln methanol, (1) 35 
0 
had one of -2.4-0 in methanol. The yield is 52.1%. The 
slight difference of the specific rotation is probably because 
the·(-) amine(+) tartrate is racemized a little after several 
recrystallizations. 
Addison and Ault25 resolved the racemic a -phenylethyl-
amine to enantiomeric isomers by dissolving amine and (+) 
tartrate in methanol. The amine tartrate salt was separated 
by three fractional crystalizations and the free amine was 
obtained by dissolving the amine salt in water then making 
the solution alkaline with 50% sodium hydroxide. The free 
amine was extracted with ether to yield a compound with 90% 
optical purity. 
(II.d) Trimethyl ammonium iodide of p-Nitro-N,N-dimethyl 
amPhetamine i22l 
Quaternizations of the resolved d and 1 forms of (35) 
were carried out with equal molar amounts of methyl iodide 
in absolute ethanol refluxed for 16 h. 
CH I 3 @ 
(d) 35 [a]D=+2.88° (MeOH) 
( l) .2.2. [a]D =-2.40° (MeOH) 
(d) 39 [a]D=-3.05° (EtOH) 
D o 
(1) 39 [a] =+2.50 (EtOH) 
The (d) and (1) trimethylammonium iodide of p-nitro-
N,N-dimethyl amphetamine have opposite signs of optical 
rotation from the free bases, possibly because the extra 
methyl group forces the compounds into different conformations. 
(III). p-Nitro- a -methylbenzyltrimethyl ammonium 
iodide (44, enantiomers) 





[a]D + 39.2 o (MeOH) 
D o 
[a] - 38.0 (MeOH) 




( 41) 0 
r"']D+ o '-"" 151.3 (EtOH) 
r JD o 
La - 150.8 (EtOH) 
Compound ( 44) is a chiral carbon acid and i..t \vas 
synthesized in order to study the kinet s of its racemization. 
It was made by a lengthy sequence starting with commercially 
available (d) and (1) a -methylbenzylamines (40). Compound 
(40) was reacted with excess acetic anhydride and the 
product (41) was obtained by vacuum illation- The N-
acetyl group was to protect the &~ino group from oxidation 
20 
in the strongly acidic nitration medium. 
F. Nerdel, H. Goetz and M. Fenske26 synthesized (d) 41 
and found that it has [a]D +149.6°, m.p. 101-102°C (75% yield). 
D o D o 
The 41 that I have synthesized has [a] +151.3 and [a] -150.8, 
m.p. 101-102°C, white solid, 85-91% yield. An electrical 
heating wire wrapped around the distillation column was used 
to prevent the (±!) from solidifying in the column during 
the distillation. It was one of the reasons for the increased 
yield in this reaction. 
(b) p-Nitro- a -methylbenzylacetamide (42) enantiomers. 
@-
CH3 / 
C --- H 
~ 
NH- C· -cH3 
II 
d&l ( 4-1) 0 
D o 
[a] + 1 51 • 3 ( Et 0 H) 
[a] D_ 1 50 • 8 o ( Et 0 H) 
d&l (42) 




[a]D + 78.4 (EtOH) 
r_,.,,]D _ o 
'"" 77.8 (EtCH) 
The nitration of 4-1 was carried out by the same 
procedure as used by Nerdel26 ; (41) was dissolved in cold 
concentrated sulfuric acid with vigorous stirring. The 
temperature of the nitration reaction was kept at -15°C with 
a co2(s)-ice bath. 
point '124-127° C and 
The crude (+) 42 product had a melting 
Ca]D +78.4°(EtOH), (yield 35%). The 
(-) 42 product melted at 123-126°C (crude) and [a]D -77.8° 
(EtOH), (yield 33%). The nmr spectrum shows doublets at 
7.38 ppm and 8.09 ppm (~H, AA'BB' pattern ArH) indicating 
primarily para substitution. I did not recrystallized the 
crude product of (~2) 
Nerdel, Goetz and Fenske 26 synthesized (~2) in 35% 
yield, m.p. 122°C. After the product was recrystallized 
from 20% aqueous MeOH, with a recovery of ~5%, it melted 
over the range 134-135<!1C, with [a]D+ 146.9\EtOH). 








o2N-@-c~- H HCl, H20 o2N-@- C --- H + HOCCH3 
""' NH-C -cH3 II 
d&l ~2 0 
[a]D+ 78.~o (EtOH) 
[a]D- 77.8°(EtOH) 
'\. + " NH3 ,c1 
d&l 43 
p-Nitro- a -methylbenzylacetamide (~2) was added to 
concentrated hydrochloric acid and the mixture boiled gently 
to form compound (~3). The acid catalyzed hydrolysis of (~2) 
is an AAC2 mechanism; the amide is primarily protonated on 
the oxygen. The hydrolysis required a long time (7 h) to 
complete the reaction, otherwise the product will contain 
a mixture of ~2, ~3 and acetic acid to form a gummy solid. 








o2N- @ - / c --- H C --- H 








43 d&l 44 
p 0 
(cXJ +20.6 (MeOH) 




m.p. 203-204 C (d) 
The d or 1 form of compound.43 was combined with '1.5 
molar equivalents of potassium carbonate and a six fold 
22 
excess of methyl iodide in isopropanol and refluxed for 48 h. 
Then the reaction mixture was suction filtered while the 
solution was still hot. The yellowish crude product containing 
excess potassium carbonate, potassium iodide and potassium 
bicarbonate was combined with absolute ethanol and brought 
to a boil. The potassium iodide, potassium carbonate and 
potassium bicarbonate remained insoluble and were recovered 
by suction filtration. The (44) remained in the filtrate 
and was crystallized when the saturated ethanol filtrate was 
allowed to cool down. 
The crude product forms of d or 1 (44) were recrystallized 
three times from absolute ethanol and ethyl ether and 
bright shiny yellow crystals were obtained. 





C --- H -----+- o2N-0 -
~+ ( ) -N CH3 3,r 
44 
[a]D = +20. 6 o (MeOH) 
[a]D= -'19.7°(MeOH) 
23 
The (45) was obtained by anion exchange of (44) through 
a chromatography column (chloride form, 50-'100 mesh). The 
iodide salt (~) is slightly water soluble but the chloride 
salt (45) is much more water soluble. This is the usual 
situation with quaternary ammonium iodides and chlorides. 
24 
EXPERIMENTAL PROCEDURE 
All the melting points were determined with a Thomas-
Hoover melting point apparatus, model No. 6404H. Optical 
rotations were measured at the sodium D line ( >.. =589 nm) and 
over the wavelength range ( A=589 nm to A=365 nm (Hg) Lamp), 
with a Perkin Elmer model 24~ polarimeter. The solvents 
were dimethyl sulfoxide, absolute ethanol, absolute methanol 
or deionized and distilled water, depending upon the 
solubility of the compounds. The Optical Rotatory Dispersion 
(ORD) measurements were taken from wavelength 600 nm to 320 
0 
nm at every ~0 nm difference, at 39 C. All the sample 
volumes were made up in 5 ml volumetric flasks. The spectrum 
energy was greater than 50%, for all measurements. 
The commercially available starting materials were (-) 
dimethylamino-2-propanol (21) (Norse laboratories, No. ~7N5-~. 
D o 
D~~6), [a] =-29 (neat); (+) dimethylamino-2-propanol(21) 
(Norse laboratory, No.D~~5) [a]D=+29°(neat). (+)-a -
phenethylamine (40) (Norse laboratories, No. 67N3-7. P~09HP), 
[a]~+39.2°(MeOH); (-)- a -phenethylamine (40) (Norse 
laboratories, No.67N3-3. P~~OHP), [a]D=-38.0°(MeOH); phenyl-
2-propanone (33) (MC&B, PX 9~0. 6468); ~-bromohexadecane 
(Aldrich) was purified by vacuum distillation before use. 
The nmr spectra were recorded on a JOEL MINIMAR-~00 r1hz 
Nuclear Magnetic Resonance Spectrophotometer operating in 
0 
the external lock mode with a probe temperature about 35 C. 
The solvents were Deuterium oxide, Dimethyl sulfoxide, 
Deuterium chloroform. Chemical shifts are reported in ppm 
(measured from TMS). 
The following compounds were prepared: 
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(-) N,N-Dimethyl-N-(2-hydroxylpropyl)-N-hexadecyl ammonium 
bromide. (32) 
(-) N,N-Dimethyl-2-propanolamine (31) (5.0g, 0.0485 mol) 
was added to 1-bromohexadecane (14.8g, 0.0485 mol, Aldrich, 
purified by vacuum distillation before use.) in 50 ml of 
isopropanol. The quaternization was carried out at reflux 
temperature for 115 h. The detergent was precipitated with dry 
ethyl ether after evaporation of excess solvent with the 
flash evaporator. The product solidified and the crude product 
was recrystallized from dry ethyl ether and ethanol (3:1) 
followed by drying in a desiccator (CaC1 2). Yield: 10.9 g 
(55.5%). m.p. 75 - 175oC, (it melts sharply at 75°C, then 
stays like a jello, then melts very sharp at 175°C), 
D o 
·[a] -13.5 (H20). 
~lliR (D20): 0.75 ppm (s, 3H, methyl proton). 1.19 ppm 
(s, 28H, methylene protons). 1.60 ppm (m, 4H, CH & (CH)-cH
3
). 
3.06 ppm (s, 6H, N,N-dimethyl protons). 3.24 ppm (m, 4H, 
two methylene adjacent to N). 4.46 ppm (s, OR and water). 
Analysis: Calculated C: 61.80% H: 11.27% N: 3.43% 
Found C: 61.52% H: 11.67% N: 3.48% 
(+) N,N-Dimethyl-N-(2-hydroxylpropyl)-N-hexadecyl ammonium 
bromide. (32) 
26 
(+) N,N-Dimethyl-2-propanolamine (31) (5.0 g, 0.0485 
mol) was added to 1-bromohexadecane (14.8 g, 0.0485 mol) in 
50 ml of isopropanol, and the mixture heated at reflux for 
115 h. The product was isolated and purified by the same 
method as the (-) 32 compound (above). A fine hydroscopic 
white powder (15.1 g, 77.3%) was obtained, m.p. 75-175°C, 
D 
[a] + 15. 3 ( H2 0) • 
NMR (D20): 0.73 ppm (s, 3H, methyl proton), 1.16 ppm 
(s, 28H, methylene protons), 1.56 ppm (m, 4H, CHand 
(CH)-cH
3
), 3.05 ppm (s, 6H, N,N-dimethyl proton), 3.22 ppm 
(m, 4H, two methylene adjacent toN), 4.44 ppm (s, OH and 
water). 
Analysis: Calculated C: 61.80% H: 11.27% N: 3.43% 
Found C: 60.76% H: 11.42% N: 3.50% 
N2 N-Dimethylamphetamine (racemic 34) 
Dimethylamine hydrochloride (107 g, 1.25 mol) and 
potassium hydroxide (20 g, 0.36 mol) were suspended in 750 
ml methanol. 3-phenyl-2-propanone (33) (134 g, 1.00 mol) 
was added over the course of twenty minutes, followed by 
sodium cyanoborohydride (23.75 g, 0.38 mol) dissolved in 50 ml 
methanol •. The reaction mixture was stirred one hour, then 
potassium hydroxide (75 g, 1.34 mol) was added and the mixture 
stirred an additional ten minutes. The precipitated KCl was 
removed by filtration and the yellow solution concentrated 
on the flash evaporator to a final volume of 400 ml. The 
27 
solution was washed with 50 ml of water and 150 ml of saturated 
aqueous sodium chloride. The aqueous layer was extracted with 
two 150 ml portions of ether. The organic layer previously 
separated and the etheral extracts were combined and extracted 
with three 100 ml portions of aqueous 6 M hydrochloric acid. 
The combined acid layers were saturated with sodium chloride 
and extracted with four 120 ml portions of ether. The 
aqueous solution was cooled to 0°C and brought to pH 10-12, 
by addition of potassium hydroxide pellets to the stirred 
solution. The aqueous layer was quickly extracted with two 
200 ml portions of ether and the combined organic layer were 
washed with 100 ml of saturated aqueous sodium chloride 
solution and dried over anhydrous potassium carbonate. Residual 
ether was removed on the flash evaporator to yield an oily 
yellow liquid. The crude product was distilled under 0.7 mmHg 
pressure, 
p-Nitro-N,N-dimethylamphetamine (35) 
N,N-Dimethylamphetamine (34) (18.1 g, 0.11 mol) was 
added dropwise, over the course of two hours, to rapidly 
stirred fuming nitric acid (75 ml, HN0 3 approx 90%) in a round 
bottom flask submerged in an ice-co2(s) mixture (-15°C). The 
mixture was stirred an additional 30 minutes then poured onto 
300 ml of crushed ice. Neutral side products were removed 
from the yellow solution by two extractions with benzene, then 
the yellow aqueous layer was made alkaline by the addition of 
28 
14N NaOH. The brown alkaline solution was quickly extracted 
three times with 60 ml portions of benzene and these benzene 
extracts were concentrated with the flash evaporator. The 
crude product (24 ml) was distilled through a. glass bead 
column at 1 mmHg to yield four fractions: (A) 124-128°0, 
3 ml (nD' 1.5365). (B) 128-132°0, 8 ml (nD' 1.5375). (C) 
132-135 9 0, 8 ml (nD' 1.5390). (D) 135oC, 3 ml (nD' 1.5400). 
Yielded 22 ml,.Theoretical yield 23.1 g. 
NMR spectra of fractions B,C:and D: 
A' B' d. c. CH3 a. 
o2N-@-cR2- / CH 
~N- CH3 A B I 
CH3 
b. 
Fraction B: NMR (neat): 0.90 ppm (d, 3H, methyl proton, J= 
6.5 Hz), 2.28 ppm (s, 6H, N,N-dimethyl), 2.44 
ppm to 3.68 ppm (m, 3H, proton c and d), 7.64 ppm 
and 8.40 ppm (complicated multiplet, J= 9.5 Hz and 
9.0 Hz, 4H) 
Fraction C: NMR (neat): 0.86 ppm (d, 3H, methyl proton), 
2.24 ppm(s, 6H, N,N-dimethyl), 2.54 ppm (m, 1H, 
proton c), 2.88 ppm (m, 2H, proton d), 7.63 ppm 
and 8.40 ppm (4H, AA'BB' pattern ArH, J=10.0 Hz). 
Fraction D: NMR (neat): 0.90 ppm (d, 3H, methyl proton), 
2.28 ppm (s, 6H, N,N-dimethyl), 2.57 ppm (m, 1H, 
proton c was split by a and d protons), 2.94 ppm 
(m, 2H, proton d), 7.66 ppm and 8.42 ppm (4H, 
AA'BB' pattern ArH, J=10.0 Hz). 
The coupling constant for (B) fraction of AA'BB' ArH 
is JAB= 9.5 Hz, JAB,= 9.0 Hz, (C) fraction of AA'BB' ArH 
is JAB= ~0.0 Hz, JAB,= ~0.0 Hz, (D) fraction of AA'BB' ArH 
is JAB= ~o.o Hz, JAB,= ~o.o Hz. 
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According to the J value, (B) fraction has a mixture of 
p-substituted and a-substituted compound, fraction (C) may 
have a little m-substituted, but most are p-substituted, 
fraction (D) has p-substituted. 
Resolution of racemic p-nitro -N,N-dimethylamphetamine 
(35) with (+) ditoluoyl tartaric acid (38) 
p-Nitro-N,N-dimethylamphetamine (35) (3.66 g, 0.0~84 mol, 
~= ~-5395) was dissolved in 25 ml 95% ethanol to give an 
amber solution. (+) Ditoluoyl tartaric acid (2§) (6.56 g, 
0.0~69 mol, [a]D+ ~32.9) was dissolved in 75 ml 95% ethanol 
and the two transparent solutions were combined to yield a 
solution which turned white and yielded considerable preci-
pitate. The suspension was stirred and heated then diluted 
with deionized water, all the solid redissolved and the 
solution became a transparent yellow. It was allowed to cool 
slowly for 32 minutes. The last minute it was stirred 
rapidly, the solid was removed by filtration and dried for 
~5 minutes by the current of air passing through the Buchner 
funnel. The filtrate was a yellow liquid. The wet solid 
(7.4 g) was resuspended in 75 ml of 95% ethanol and heated 
to boiling, then 25 ml deionized water was added. After the 
30 
white solid dissolved the solution was allowed to set at 
room temperature for 32 minutes, then filtered without stirring. 
The resulting well-formed crystals were dried in air to yield 
~-33 g of partially resolved product, m.p. ~55-~56°C. This 
solid was recrystallized from ~00 ml of hot ethanol-water 
(3:~). The solution was allowed to cool slowly to room 
0 
temperature then refrigerated at 5 c. The shiny white crystals 
were removed by filtration and air dried; yield 3.0 g, 68.6%, 
m.p. ~65-~66°C, [a]D +5~ 0• 
The mother liquors from all the recrystallizations were 
combined and the solvent removed with the flash evaporator 
to yield 7.~ g (70.8%) of a pasty tan crude product. The 
amine was recovered by dissolving the solid (6.35 g, 0.0~07 
mol) in a minimum amount of hot methanol and adding 25 ml of 
5% Na2co3 to bring the pH to 8. The solution was concen-
trated to 30 ml total volume and extracted three times with 
30 ml portions of ether, the extracts were dried (Na2so~) and 
evaporated to yield ~.68 g (0.008~ mol) of yellow liquid, 
D o 
[a] -8.8 (DMSO). 
The leavo amine (~.68 g, 0.008~ mol) was reacted with 
(-)-p-toluoyl tartaric acid (3.~3 g, 0.008~ mol) in absolute 
ethanol (~50 ml); crystals formed in the boiling solution. 
The least soluble solid was removed by filtration to yield 
2.5 g product, m.p. ~60°C, [ct]D-~6.7°(DMSO). Recrystalli-
zation from ~05 ml of 80% ethanol yielded ~.83 g of fine white 
crystals, m.p. ~65-~66°C, [ct]D-45.~
0
(DMSO). 
The resolved leavorotatory amine was recovered by 
dissolving the leavorotary tartaric acid (1.82 g, 0.00325 
mol) in 200 ml of hot methanol and bringing the pH to 8 by 
the addition of 6.8 ml of 5% Na2co3• The methanol was 
removed by evaporation and the aqueous solution was extracted 
with five 30 ml portions of ether. The ether extracts were 
dried (Na2so4 ) and evaporated to yield 1.27 g (-)-p-nitro-
N ,N-dimethylamphetamine, [a]D -2.4° (EtOH). 
NMR (CDC1
3
): 0.98 ppm (d, 3H, methyl proton, J= 6.5 Hz), 
2.42 ppm (s, 6H, N,N-dimethyl), 2.46-3.16 ppm (complicated 
multiplet, 3H, methylene and -CH(CH
3
) ), 7.66 ppm and 8.05 
ppm (4H, AA 1 BB' pattern ArH, J= 9.0 Hz). 
D o 
The original least soluable salt ( [a] +51.0, 2.45 g 
0.0041 mol) was dissolved in 200 ml of hot methanol and the 
solution was brought to pH 8 by adding 8.7 ml of 5% of sodium 
carbonate. The methanol was evaporated and the aqueous 
solution extracted with four 30 ml portions of ether. The 
ether. layer was extracted with 20 ml of saturated sodium 
chloride solution. The ether layer was dried over anhydrous 
sodium sulfate, then evaporated to yield the free (+) p-nitro-
dimethylamphe::amine, yield 0.6364 g. (3596). [a]D + 2.88°(EtOH) .. 
NNR (CDC1
3
): 0.98 ppm (d, 3H, methyl proton, J= 6.5 Hz), 




pattern ArH, J= 9.0 ). 
7.66 ppm and 8.05 ppm ( 4H, AA'BB' 
(-) Trimethyl ammonium iodide of p-nitroa~phetamine (39): 
(-) p-Nitrodimethylamphetamine (35) (1.20 g, 0.0057 mol 
32 
0 
- 2.4) and methyl iodide (0.8~9 g, 0.0057 mol) were 
combined in 40 ml of absolute ethanol. The mixture was heated 
at reflux for ~6 h, and the hot mixture was filtered and the 
filtrate evaporated to dryness with a flash evaporator. The 
crude product weighed 0.62 g (3~%). crystallization of the 
crude product from absolute ethanol and ethyl ether yielded 
0 
0.4~ g of fine yellow crystals. m.p. ~85-~86 c, 
[a]D + 2. 50 o (EtOH). 
t~R (Me 2so-d6): 1.~2 ppm (d, 3H, methyl proton, J= 8.0 
Hz), 3.~6 ppm (s, 9H, trimethyl protons), 2.74 ppm- 3.84 
ppm (m, 1H), 7. 
J= 9.0 Hz). 
ppm and 8.~5 ppm (AA'BB' pattern ArH, 4H, 
Analysis: Calculated: C: 4~.~7% H: 5.42% N: 8.00% 
Found C: 40.92% H: 5.34% N: 8.00% 
(+) Trimethylammonium iodide of p-nitro-N,N-dimethyl 
amnhetamine. (39) 
(+) p-nitrodimethylamphetamine (+ 35) (0.6264 g, 0.0029 
mol, 
D o 
[aJ +2.88) and methyl iodide (0.45 g, 0.0029 mol) were 
combined in 50 ml of absolute ethanol and the mixture was 
heated at refluxed for ~6 h. Then the hot mixture was filtered 
and the filtrate evaporated to dryness with a flash evaporator. 
The crude product weighed 0.747 g (58.3%). Recrystallization 
from absolute ethanol and ethyl ether (~:~) yielded 0.53 g 
( 4~. 596)' 
0 
m.p. ~85-186 C, 
rH1R (Ne 2so-d6): ~.~4 ppm (d, 3H, methyl proton, J= 6.5 
Hz), 2.75 ppm- 3.85 ppm (m, 3H, methylene and -CH(CH
3
)-), 
3.17 ppm (s, 9H, trimethyl protons), 7.57 ppm and 8.15 ppm 
(4H, AA'BB' pattern ArH, J= 9.0 Hz). 
Analysis: Calculated: C: 41.17% H: 5.42% N: 8.00% 
Found C: 41.44% H: 5.47% N: 8.00% 
· (-)-a -rllethylbenzylacetamide. ( 41) 
33 
(-)-a -Methylbenzylamine (45.5 g, 0.3755 mol, [a]D- 38.0°). 
was added to rapidly stirred acetic anhydride (68.6 g, 0.84 mol) 
over the course for one hour. The excess acetic acid was 
removed by distillation under reduced pressure. The (-) amide 
was distilled under the reduced pressure (1.0 mmHg) at 
0 
190-200 C. The distillation column was surrounded with electric 
heating wire to prevent the amide from solidifying in the 
column. The amide solidified upon cooling to yield 56.2 g 
0 
(0.34 mol, _91.7%) of white solid, m.p. 101-102 C, (lit. 101-
1020C)21, [a]D- 150.8° (EtOH)·, (lit. -149.6° (EtOH)~1 
( + )- a -Methylbenzylacetamide. ( 41) 
D o 
(+)-a -Methylbenzylamine (40) (57.9 g, 0.47 mol, [a] +39.2 
(MeOH)) was added to rapidly stirred acetic anhydried (92.4 g, 
0.90 mol) over the course for one hour. The excess acetic 
acid was removed by distillation under reduced pressure. The 
(+) amide was distilled under reduced pressure (1.0 mmHg) at 
0 
189-198 C. The amide solidified upon cooling to yield 71.6 g 
(85.2%). Product melting at 101-102 C (lit~1 101-102°C), 
[a]D+ 151.3°(EtOH) (lit~1 +149.6a.). 
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(-) p-Nitro-a -methylbenzylacetamide (42) 
(-)-a -Methylbenzylacetamide (:±.::!) (56.0 g, 0. 34 mol) was 
dissolved in 130 ml of cold sulfuric acid over the course of 
three hours, Concentrated nitric acid was added very slowly 
through a dropping funnel into the mixture submerged in an 
co2(s)-ice bath (-15°C). The color of the mixture was light 
brown. The mixture was poured onto ice and stored in the 
refrigerator overnight. Then the solution was made alkaline 
by cautiously adding 40% NaOH solution. The product was 
extracted with four portions of 50 ml of ethyl ether. The 
combined extracts were dried (Na2so4 ) and evaporated to dryness 
to yield 43.0 g, 0.025 mol, 60.0%. m.p. 123-126°C (crude 
o JD o 1 o product, lit. 134-137 C), [a -77.8 (EtOH) (lit. _a -146.9 ) • 
~mR (Me 2so-d6): 1.44 ppm (d, 3H, methyl proton, J= 7.0 
Hz), 1.96- ppm (s, 3H, CH3-co-), 5.12 ppm (q, 1H, -CH-(CH3)-
NH-), 5.86 ppm (1H, NH- broad), 7.38 ppm and 8.09 ppm ( AA' 
BB' pattern ArH, 4H, J= 8.0 Hz). 
The nmr spectrum shows it is para substituted with proton 
resonances at 7.38 ppm and 8.09 ppm. 
(-) p-Ni tro- a -methylbenzylammonium chloride. Ci2) 
(-) p-Nitro- a -methylbenzylacetamide (.±g,) (19.0 g, 0.091 
mol) and 500 ml of concentrated hydrochloric acid Y.Tere boiled 
gently until the solution volumes was 30 ml. The liquid 
solidified when cooled. Recrystallization of the solid from 
absolute ethanol yielded 14.0 g, (0.069 mol, 76.5%), product 
35 
0 
melting at 205-207 C. 
NMR (Me2so-d6): ~.53 ppm (d, methyl proton, 3H, J= 7.0 
Hz), 4.54 ppm (q, ~H, -CH(CH
3
)-), 8.9~ ppm (3H, NH
3
, broad), 
7.83 ppm and 8.23 ppm (AA 1 BB 1 pattern ArH, 4H, J= 8.0 Hz). 
(-) p-Ni tro- a -methyl benzyl trimethylammonium iodide ( 44) 
A mixture of (-) p-nitro-a -methylbenzylammonium chlor~de 
(43) (12.78 g, 0.063 mol), anhydrous potassium carbonate 
(~3.09 g, 0.945 mol), a six-fold excess of methyl iodide (53.8 
g, 0.379 mol) and ~00 ml of isopropanol were heated at reflux 
for 48 h. The mixture became light yellow when the reaction 
was complete. The hot solution was filtered. The yellowish 
crude product which contained excess potassium carbonate, 
potassium iodide, potassium bicarbonate and ( 44) 1:>1as combined 
with absolute ethanol and brought to a boil, the insoluble 
inorganic compound was removed by suction filtration. The 
desired compound (44) crystalized as yellow shiny crystals when 
the saturated ethanol filtrate was cooled. The recovered solid 
was recrystallized three times from hot absolute ethanol to 
yield 4.8 g product (0.0~4 mol, 22.7%), m.p. 203-204°0, 
[a]D-~9.7°(MeOH). The filtrate of the original reaction 
mixture also afforded 2.7 g (12.9%, 0.008 mol) of light brown 
crystals, m.p. 184-185°0. 
Nfv1R (Me 2so-d6 ): 1.70 ppm (d, 3H, methyl proton, J= 6.0 
Hz), 3.02 ppm (s, 9H, (CH3) 3
-N), 5.00 ppm (q, ~H, -CH(CH
3
)), 
7.86 ppm and 8.26 ppm (AA'BB' pattern ArH, 4H, J= 8.0 Hz). 
Analysis: Calculate 
Found 
C: 39.31% H: 5.06% N: 8.33% 
C: 39.~6% H: 4.82% N: 8.39% 
(+) p-Nitro-a -methyl benzylacetamide (42) 
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(+)-a -Methylbenzylacetamide (41) (62.0 g, 0.38 mol) was 
dissolved in 130 ml of cold concentrated sulfuric acid over 
the course of three h. Concentrated nitric acid was added, 
very slowly through a dropping funnel, to the mixture 
submerged in an co2(s)-ice bath (-15°C). The mixture was 
poured onto ice and the color changed from light brown to light 
red after storage in the refrigerator overnight. Then the 
solution was made slightly alkaline by cautiously adding 40% 
INaOH solution. The product was extracted with four 50 ml 
portions of ethyl ether. The combined ether extracts were 
dried (Na2so4 ) and evaporated to dryness to yield 46.5 g 
product (58.1%, 0.22 mol), m.p. 124-127°C, [aJ
0
+ 78.4° (EtOH) 
o D o 
(lit. m.p. 134-135 C,[a] + 146.9). 
(+) p-Nitro-a -methylbenzylammonium chloride (43) 
(+) p-Nitro- a-methylbenzylacetamide (42) (2~.0 g, 0.103 
mol, 
D o 
[a] + 78.4) was added in 500 ml of concentrated 
hydrochloric acid. The mixture was boiled gently until only 
25 ml of solution were left. The liquid solidified when 
cooled. Recrystallization of the solid from absolute ethanol 
yielded 8.15 g product (0.04 mol, 39.1%). 
ppm (d, 3H, J= 7.0 Hz, methyl 
proton), 4.54 ppm (q, 1H, -CH(CH
3
)-), 8.91 ppm (3H, NH
3
, 
broad), 7.83 ppm and 8.23 ppm (4H, AA'BB' pattern ArH, 
J= 8.0 Hz), 
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( +) p-Ni tro- a -methyl benzyl trimethylammonium iodide (:t:!:) 
A mixture of ( +) p-Ni tro- a -methyl benzyl ammonium chloride 
(43) (8.01 g, 0.0395 mol), anhydrous potassium carbonate 
(8.18 g, 0.059 mol) a six fold excess of methyl iodide (33.64g, 
0.237 mol) and 95 ml of isopropanol were heated at reflux 
for 48 h. The mixture became light yellow when the reaction 
was complete. The hot solution was filtered. The yellowish 
crude product which contained excess potassium carbonate, 
potassium iodide, potassium bicarbonate and (~) was isolated 
purified by the same method as with (-) 44. The recovered 
(+) ~after three recrystal zations from absolute ethanol 
yielded 4.73 g product (35.8%, 0.014 mol), m.p. 203-204°C (d), 
[a]D + 20.6 (MeOH) 
NMR (I-1e 2so-d6): 1.72 ppm (d, 3H, methyl proton, J= 6.0 
Hz), 3.04 ppm (s, 9H, (CH3) 3-N-), 4.98 ppm (q, 1H, -CH(CH3
)-), 
7.87 ppm and 8.26 ppm (4H, AA'BB' pattern ArH, J= 8.0 Hz). 
Analysis: Calculated C: 39.31% H: 5.06% N: 8.33% 
Found C: 39.57% H: 5.13% N: 8.44% 
(-) p-Nitro- a -methylbenzyltrimethylammonium chloride (45) 
A chromatography column (22 x 500 nm) was filled with the 
anion exchange resin (BiO. RAD AG 1-x8, chloride form, 50-100 
38 
mesh) and washed with 1M hydrochloric acid solution, then 
eluted with deionized and distilled water until the washings 
no longer gave a precipitate with 5% silver nitrate solution. 
(-) p-nitro- a -methylbenzyltrimethylammonium iodide (44, 
1.0 g, 0.0029 mol), was dissolved in a minimum amount of water 
and added to the column. The column was eluted with deionized-
distilled water, and 50 ml fractions was collected until the 
washings no longer gave a positive test of silver nitrate 
solution. A total of 140 ml eluant was collected and slowly 
evaporated with a flash evaporator to yield 0.56 g product 
(77.0%, 0.0023 mol), m.p. 207-209°0. 
NMR (Me2so-d6): 1.78 ppm (d, 3H, J= 7.0 Hz, methyl 




), 5.26 ppm (q, 1H, 
-CH(CH3)-), 8.02 and 8.32 ppm (4H, AA'BB' pattern ArH, J= 8.5 
Hz). 
( +) p-Ni tro- a -methyl benzyl trimethylammonium chloride 
(!2_). 
(+) p-Nitro- a -methylbenzyltrimethyl ammonium chloride 
(i2., 0.58 g, 79.7%, 0.0024 mol) was isolated from (+) p-Nitro-
a -methylbenzyltrimethyl ammonium iodide (44) (1.0 g, 0.0029 
mol) by the same procedure as for (-) 45 (above), m.p. 205-
20i'c. 
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RESULTS AND DISCUSSION 
Both enantiomers of the surfactant (32) were made by 
quaternizing the appropriate enantiomer of the tertiary amine, 
~-Dimethylamine-2-propanol ( ± 29~ neat) with ~-bromohexadecane. 
The products were hydroscopic and melted over a wide range 
0 
(75- ~75 C) which is not uncommon for surfactants. The 
optical rotation of the enantiomers in water was slightly 
different ( +~5°VS -~3.5°) and this difference in specific 
rotation ( [a]D ) can probably be attributed to different 
degrees of hydration of the two hydroscopic solids; i.e. 
equivalent wts or the two surfactants would not contain 
D 
equivalent molarities and would have different [a] values. 
Also the starting amines may not have been equally optically 
pure although Norse Laboratories reports equivalent rotations 
for each sample. Unfortunately we did not repeat their 
measurements. 
To determine the optical purity of a compound when the 
specific rotation of the pure compound is unknown is no easy 
problem. The two most general methods X-ray crystallography 
and asymmetric Lanthanide shift reagents are inappropriate for 
a long chain amphipathic molecule. !iJe have been forced to 
re~y on less rigorous criteria. The optical purity of our 
samples should be high in those cases where the optical 
rotation and nmr spectra remained unchanged after several 
crystallizations. The optical activity of the starting amine 
was 90% and the synthesis did not afford an opportu.."li ty for 
40 
racemization by any known mechanism. 
The nmr spectra of (-) 32 and (+) 32 were characterized 
and all the peaks could be assigned. No extraneous compounds 
were evident. 
i. 
H H H CH
3 
H 
I I I I I 
CH3- C -(CH2) 12- C - c - N -CH - c - CH3 I I I I 2 I 
H H H CH
3 
OH 
a. b. c. d. e. f fi· 
(32) 
~ 
4.44 ppm 3.22 3.05 ppm 1.56 1.16ppm 0.73 ppm 
The singlet at 0.73 ppm is the methyl group (~) of the 
long hydrocarbon chain; the strong singlet at 1.16 ppm 
represents the methylene, b c14H28 , of the hydrocarbon. The 
singlet at 3.05 ppm is the N,N-dimethyl group (d~. Methylene 
~ was split by i form a doublet. Methylene £ was split by b 
to form a triplet. Both c and e form an indistinguishable 
multiplet with a chemical shift of 3.22 ppm. Proton i was split 
by ~ and e form a multiplet. Methyl group ~.was split by i 
form a doublet. Both ~ and i form a complicated multiplet at 
1.56 ppm. Proton f exchanges with H2o and is in the H2o peak 
at 4.44 ppm. The integrations agreed with the proton 
assignments. 
The enantiomers of compound d&l (35) were made by 
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resolving p-Nitro-N,N-dimethylamphetamine (22) with (+) p-
toluoyl tartrate (38) as shown on the flow chart: 
Racemic o2Nc6a4cH2CH(CH3)N(CH3) 2 , (+) p-toluoyl tartrate (38) 
(22) 
Least soluble (A1) 
1st time 
recrystallize from 
75 ml 95% EtOH, 25 ml H20 
Least soluble (A2) 
2nd time 
recrystallize from 






same procedure as (A1 ) 
(A) 
(+)amine (+)tartrate 
[a]D +51 o (DMSO), m. p. =165-166 o C 
l dissolve in MeOH make alkaline pH=8 
( +) amine (35) 
...., 0 
t:+ 2.88 (MeOH:) 
dissolve 









( Combine B1-B4 ) 
l 
recover amine 
pH = 8 
(B5,) D o 






I a.]D-46• 7 o ( D~1SO) 
m~p. = 165-166°0 
(+) amine 35 
[a]D = +2.88 \MeOH) 
1 CH3I 
(39) 
[a]D= -3.05° (EtOH) 
0 




pH = 8 
(-)amine 35 
r JD o( . ) '-a = -2.4 MeOH 
1 CH3I 
(39) 
la]D = + 2.50°(EtOH) 
m.p. 185-186°0 
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Compound.(A) is mostly (+)amine (+)tartrate, and compound 
(B) is mostly (-) amine (-) tartrate. Both have the same 
m.p. 165-166°0 and are fine white crystals. The specific 
rotation of (A) is [a]D+ 51.0°(DMSO). Compound (B) has 
[CL]~45.4°(DMSO). After recrystallization from 105 ml 80% 
EtOH, it seems recrystallization racemizes the compound, because 
the optical rotation drops a little. ( [a]D -46.7°to 45.4°in 
DMSO). The spectrum energy was 60-70%. The reproducity of 
the specific rotation is 99.5%. 
The Perkin Elmer model 241 MC polarimeter has an energy 
meter. The magnitude of the signal coming from the photo-
multiplier is indicated on the energy meter. Large deflections 
on the meter up to 100 scale divisions indicate high energy. 
The indication of the energy enables the sample absorbance to 
be estimated. Usually the color and solubility of the 
compound will affect the absorbance. The higher the energy 
level the more reliable is the optical rotation measurement 
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and in our work all rotations were taken at energy values 
> 50%. 
The recovered enantiomeric amine (+) 35 has D o ra] + 2.88 
(MeOH) and (-) 22 has [a]D-2.40°(MeOH). The slight difference 
of the specific rotation of enantiomer (22) is probably 
because the leavo compound racemized during recrystallization. 
The nmr spectra of the (35) were characterized • 
.§,. 
/CH3 
C ---- H d. 
"' N-CH3 I 
CH3 f. 
Jl 
8.05 ppm 7.66ppm 2.42 ppm 0.98 ppm 
Both dextro and leavo of 22 have identical nmr spectra, 
the methyl group (e) was split by ~ to a doublet at 0.98 ppm. 
N,N-dimethyl f gave a strong singlet at 2.42 ppm. The proton 
d was split by ~ and S to a multiplet. The methylene S was 
split by proton ~ to a doublet. The chemical shift of c and 
d were shown between 2.46 ppm and 3.16 ppm form a complicated 
multip1et. The methylene peak £ should be more deshielded 
than~' because of the aromatic ring and the withdrawing group 
N02• The protons ortho to the nitro group (a and a') are 
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chemical shift equivalent to each other, The system gives an 
AA'BB' pattern of doublets at 8.05 ppm and 7.66 ppm. 
Since both compounds melt the same and give nmr spectra 
free from extraneous peaks, their chemical purity exceeds 95%. 
Their optical purity is harder to estimate. If we assume that 
the deKtro isomer has a purity of 90% (i.e. comparable to the 
product of most resolutions with p-Toluoyl tartrate) then the 
optical purity of the leavo isomer would be 75%, estimated 
from the expression. 
D 
[a] obs 
Percent Optical Purity = --------x 100 
[a]D max 
The very low value of [a]D complicates this estimate 
because the usual error in observed rotations is around ±0.05. 
The reproducibility of the optical rotation was around 99.5%. 
The optical rotation of 35 is solvent dependent, for example, 
leavo 35 has [a]D-8.5°(Me 2so) but -2.4°in absolute ethanol. 
Compound 39, Trimethylammonium iodide of p-Nitroamphe-
tamine( yellow shiny crystals )was obtained after 35 was 
quaternized with methyl iodide. An interesting sign reversal 
in the rotation was observed. It probably is because the 
extra methyl group forces the compound into a different 
conformation. 
The dextro 39 has 
D o D o 
[a] -3.05 (EtOH), leavo has [a] -t-2. 50 
(EtOH). The melting points of both are 185-186°C. The nmr 
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spectra of both enantiomers 39 are identical and all the peaks 








8. '15 7.57 ppm 
c. 
CH ~· /3 









The methyl group~ gives a doublet, split by proton d, at '1.'14 
ppm. Trimethyl groups f shows a strong singlet at 3.17 ppm. 
Benzylic £ was split by d to a doublet. Proton d was split by 
e and c to a multiplet. Both chemical shifts of c and d were 
between the range 2.75 ppm to 3.85 ppm form a complicated 
multiplet. Proton a and b were split by each other. The system 
is a AA'BB' pattern ArH,with two doublets at 8.'15 ppm and 7.57 
ppm. The integrations fit the assigned structure. Also the 
elemental analysis of both compounds agree with the expected 
structure. 
Both enantiomers of p-Nitro- a-methyltrimethyl ammonium 
iodide 44 exist as bright yellow crystals with the same melting 
point, 203-204°0 (decompose). The optical rotations are 
D o D o 
[a] + 20.6 (r-1eOH), [a] -'19.7 (MeOH). The slight difference 
of the specific rotation is probably because the starting 
material, dextro and leavo of Dimethylamino-2-propanol, are 
D 0 D o 
not pure, ( [a] =+ 39.2., [a]= - 38.0 ) • 
4-6 
The nmr spectra of both enantiomer of 4-4- are identical and 
all the peaks can be assigned 









, b I -a 
e. 
1 d a b c JJL A A 
8.26 7.87 ppm 4-.98 ppm 3.04- ppm 1.72 ppm 
The methyl group ~was split by proton c to a doublet at 1.72 
ppm. Trimethyl group ~ shows a strong singlet at 3.04- ppm, and 
the proton 2 was split by methyl ~ to a quatet, and was 
deshielded by aromatic ring with nitro group to downfield at 
4-.98 ppm. Protons a and b were split by each other and 
adjacent groups. The system is AA'BB' pattern ArH, with 
chemical shifts at 8.26 ppm and 7.87 ppm. 
The sharp singlet at 3.20 ppm is water peak, when DMBO is 
being used as solvent. It probably come from DMSO or the 
sample has a little water. It shows in both spectra of the 
enantiomers of 4-4-. 
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Table I 
wavelength a -observed optical rotation 
Na 589 + 0.766 + 
0 
0.00'1 + '15.3 
Hg 578 + 
0 
+ 0.80'1 - 0.00'1 + '16.0 
Hg 546 + 0.907 + 0.00'1 + '18.'1 
q -
Hg 436 + 
0 
+ '1 • 5'14 0.00'1 + 30.3 
Hg 365 + 
0 
+ 2.3'18 - 0.00'1 + 46.4 
Note: 0.25 g of (d) compound (32) was dissolved in 5 ml H2o, 
0 
at 25 c. Energy level > 6596. Optical rotation was 
calculated from the equation. [a]D = a obs x 5 ml 
wt(g) 
Table II 
wavelength a -observed optical rotation 
Na 589 - 0.674 + 
0 
0.002 - '13.5 
+ 0 Hg 578 - 0.702 0.00'1 - '14.0 
Hg 546 - 0.79'1 + 
0 
0.00'1 - '15.8 
+ 0 Hg 436 - '1. 3'17 0.00'1 - 26.3 
+ 0 Hg 365 - 2.0'12 0.002 - 40.2 
Note: 0.25 g of (-) compound (32) was dissolved in 5 ml H2o, 
0 
at 25 C, energy level > 6596. 
Table III 
Optical Rotation Data of (+) amine (+) tartrate (Compound 
A. discussion p. 41.) 
wavelength a -observed optical rotation 
+ 0 Na 589 + 1.020 - 0.004 + 51.0 
Hg 578 + 1.073 + - 0.002 + 53.6° 
+ 0 Hg 546 + 1. 265 - 0.002 + 63.3 
+ 0 Hg 436 + 2.710 - 0.010 + 135.5 
Note: 0.1 g of compound (~) was dissolved in 5 ml Me 2so. 
The rotation was ta..1cen at 25° C, energy level> 65~6. 
Table IV 
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Optical Rotation Data of Compound (£) (-) amine (-) tartrate 
(discussion p.41.) 
wavelength a -observed optical rotation 
+ 0 Na 589 - 0.467 0.001 46.7 
+ 0 Hg 578 - 0.487 - 0.001 48.7 




Hg - 1.223 0.002 - 122.3 
Note: 0.05 g of compound (]b) was dissolved in 5 ml Me 2so. 
0 
The rotation was taken at 25 C. energy level > 65%. 
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Table V 
Optical Rotation Data of Compound o2N-C6H4CH2CH(CH3)N(CH3) 2 , 
(+) .2.2· 
wavelength a. -observed optical rotation 




Hg 578 + 0.054 + 3.00 
± 0.001 
0 
Hg 546 + 0.065 + 3.61 
Hg 436 + 0.145 + - 0.002 + 8.05 
0 
Note: 0.09 g of free amine (+) 35 was dissolved in 5 ml of 
0 
absolute EtOH. The rotation vms taken at 25 C, energy> 
6596. 
Table VI 
vmvelength Cl. -observed ontical rotation 
+ 0 Na 589 - 0.048 0.001 - 2.40 
+ 0 Hg 578 - 0.050 0.001 - 2.50 
+ 0 Fig 546 - 0.058 0.001 - 2.90 
+ 0 Hg 436 - 0.122 0.002 - 6.10 
Note: 0.1 g of free amine (-) 35 vvas dissolved in 5 ml of 
absolute EtOH. The rotation was taken at 25°C, energy 
level :> 6596. 
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Table VII 
wavelength a. -observed optical rotation 
589 + 0.035 + 0.00'1 
0 
Na - + 2.50 
+ 0 Hg 578 + 0.036 - 0.00'1 + 2.57 
+ 0 Hg 546 + 0.039 0.00'1 + 2.78 
Note: 0.07 g of (-) 2,2 was dissolved in 5 ml of MeOH. The 
rotation was taken at 25°C. The (-) 39 is not very 
soluble in absolute ethanol. Energy level > 65%. 
Table VIII 
wavelength a. -observed oDtical rotation 
+ 0 :Na 589 - 0.055 0.00'1 - 3.05 
- 0.056 + 0.00'1 
0 
Hg 578 - 3.1'1 
+ 0 Hg 546 - 0.058 0.001 - 3.22 
Note 0.09 g of (+) .2..2 was dissolved in 5 ml of absolute 





,,..,rave length a -observed optical rotation 
+ 0 Na 589 + 7.567 0.002 + 151.3 
+ 0 Hg 578 + 7.945 0.001 + 158.9 
+ 0 Hg 546 + 9.174 - 0.001 + 183.5 
436 + 
0 
Hg + 17.071 0.001 + 341.4 
+ 0 Hg 365 + 30.166 0.001 + 603.3 
Note: 0.25 g of (d) 41 was dissolved in 5 ml of ethanol. The 
rotation was taken at 25° c. Energy level> 6596. 
Table X 
wavelength a -observed optical rotation 
+ 9 Na 589 7.540 0.010 - 150.8 
578 7.911 + 0.001 - 1 .2 
0 
+ 0 Hg 546 9 .. 123 0.001 - 182.5 
Hg 436 - 16.971 + 0.001 - 339.4° 
+ 0 Hg 365 - 29.996 0.001 - 599.9 
Note: 0.25 g of (1) 41 was dissolved in 5 ml of absolute 




wavelength et observed optical rotation 
Na 589 + 2.351 + 0.001 + 78.4 
0 
+ 0 Hg 578 + 2.466 - 0.002 + 82.2 
+ 0 Hg 546 + 2.823 0.001 + 94.1 
Hg 436 + 4.4 + - 0.02 + 146.7° 
Note: 0.15 g of (d) ±g was dissolved in 5 ml of absolute EtOH. 
The rotation was taken 25 oc. T:'l Lnergy l > 6596. 
Table XII 
vvavelenp.;th et observed optical rotation 
Na 589 - 2.335 + 0.001 77.8 
0 
- 2.450 + 0.002 
0 
Hg - 81.7 
Hg 546 - 2.807 + 0.001 93.5° -
Hg 436 - 4.381 + 0.001 - 146 .. 0° 
Note: 0.15 g of (l) ±g ·,vas dissolved in 5 ml absolute EtOH. 




Optical Rotation Data of o2N-C6H4-CH(CH3)N(CH3) 3 ,I- (1) ~ 
wavelength a. -observed optical rotation 
+ 0 Na 589 - 0.393 0.00'1 - '19.7 
+ 0 Hg 578 - 0.4'12 0.00'1 - 20.6 
546 + 
0 
Hg - 0.477 - 0.00'1 23.9 
Hg 436 - 0.883 + 
0 
0.00'1 - 44.2 
Note: 0.'1 g of (1) 44 was dissolved in 5 ml of MeOH. The 
rotation was taken at 25°C, energy level )! 659'.?. 
Table XIV 
+ 
Optical Rotation Data of o2N-C6H4-CH(CH3)N(CH3) 3,I- (d) 44 
wavelength a. -observed optical rotation 
+ 0 Na 589 + 0.4'13 0.001 + 20.6 
Hg 578 + 0.433 + 0.00'1 + 2'1. 7 
0 
546 + 0.505 + 0.001 + 25.3 
0 
Hg 436 + 0.946 + 0.00'1 + 47.3 
0 
Note: 0.'1 g of (d) 44 was dissolved in 5 ml of MeOH. The 
6 
rotation was taken at 25 C, energy level > 6596. 
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Table XV 
Optical Rotatory Dispersion (ORD) spectrum of (+) ~ p-Nitro-
a -methylbenzyltrimethyl ammonium iodide~ 
wavelength a. -observed [a]D 
+ 0 600 + 0.382 - 0.004 + 49.4 
590 + 0.397 + 0.002 + 49.9 
580 + 0.415 + 0.004 + 20.8 
570 + 0.435 + 0.001 + 24.8 
560 + 0.457 ± 0.004 + 22.9 
550 + 0.480 ± 0.001 + 24.0 
540 + 0.505 + - 0.004 + 25.3 
530 + 0.531 ± 0.004' + 26.6 
520 + 0.560 ± 0.001 + 28.0 
510 + 0.592 ± 0.001 + 29.6 
500 + 0.624 ± 0.001 + 34.2 
490 + 0.660 ± 0.001 + 33.0 
480 + o. 702 ± 0.001 + 35.1 
470 + 0.747 ± 0.001 + 37.4 
460 + 0.794 ± 0.001 + 39.4 
450 + 0.845 + - 0.001 + 42.3 
440 + 0.898 ± 0.001 + 44o9 
430 + 0.952 ± 0.002 + 47.6 
+ 0.982 ± 0.003 
0 
420 + 49.1 
0.059 m (MeOH), 
0 
a. spectrum taken at 39 c, slit 1mm. 
Table XVI 
Optical Rotatory Dispersion (ORD) of (+) 45 p-Nitro- a -






















+ + 0.218 - 0.002 
+ 0.227 ± 0.001 
+ 0.237 ± 0.001 
+ 0.249 .:!: 0.001 
+ + 0.261 - 0.001 
+ 0.275 ± 0.001 
+ 0.289 ± 0.001 
+ 0.304 ± 0.001 
+ 0.322 ± 0.001 
+ 0.340 ± 0.00'1 
+ + 0.359 - 0.001 
+ 0.381 ± 0.001 
+ 0.404 .:!: 0.001 
+ 0.428 ± 0.001 
+ 0.455 ± 0.001 
+ + 0.481 - 0.001 
+ + 0.507 - 0.001 
+ + 0.529 - 0.001 























a. 0.0818 m (deionized and distilled H2o), 39°C, slit 1 mm 
energy level > 5096. 
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NMR spectra of (1)-N,N-dimethyl-N-(2-hydroxylpropyl)-N-hexadecyl ammonium bromide (32) 
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NMR spectra of 1-(4-Nitrophenyl)-2-(N,N-dimethylamine)-propane. (35), fraction (B) 
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NMR spectra of (d) Trimethylammonium iodide of p-Nitro-N,N-dimethylamphetamine 
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NMR spectra of (d) p-Nitro- a -methylbenzyltrimethyl ammonium iodide (44) 
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